OPTICAL MODULE AND METHOD FOR ASSEMBLING THE SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention 
The present invention generally relates to an optical 
module, particularly to an optical module which is densely 
space-division multiplexed by using a microlens array, and a 
method for assembling the optical module. 

Description of the Related Art 
A conventional optical module of this type has been 
disclosed in Japanese patent publication No .2-1233 01. This 
conventional optical module comprises, as shown in Fig.l, a 
planar microlens array 60 consisting of a planar transparent 
substrate having microlenses 61 formed in a surface thereof. 
Recesses 65 are formed in a surface opposite to the lens- 
formed surface of the array 60, each of recesses 65 being 
aligned with the center position of a corresponding microlens 
61. An optical element to be optically coupled to the 
microlens 61 is an optical fiber 63, for example. The end 
core portion of an optical fiber is processed by a selective 
etching to form a micro fitting convex portion 66. When an 
optical fiber is fixed to the array 60, the convex portion 65 
of an optical fiber is fitted to the recess 64 through a 
guide hole 64 which is opened in a layer 62 of resin such as 
polyimide adhered to the recess-formed surface of the array 
60, the guide hole serving as a guide for inserting the end 
of an optical fiber to a recess. According to the 
conventional optical module described above, an alignment can 
easily be conducted by inserting the convex portion 66 of an 



optical fiber into the fitting recess 65 to fix it thereto, 
instead of an active alignment (i.e., light is guided into an 
optical fiber and the position of the optical fiber is 
regulated so as to maximize light coupled to a microlens). 

The conventional optical module described above causes 
the following problems in such a case that the optical module 
is used to combine especially with a planar optical element. 
That is, when the planar optical element is a planar 
transmission optical element module such as a liquid crystal 
switch, a microlens optical system must be constructed by a 
collimate optical system having an infinite conjugate ratio. 
On the contrary, a microlens optical system is required to be 
constructed by a reducing image optical system having a 
finite conjugate rate, when the planar optical element is an 
optical element module which connects a light-emitting 
element such as a laser array to an optical fiber. It should 
be noted that the conjugate ration means the ratio of an 
object distance to an image distance. 

In the case of an optical module coupled to optical 
fibers, a microlens optical system is required to be 
constructed by a unity magnification image optical system, 
while in the case of an optical module coupled to a planar 
optical element such as a photo-detector array having a 
light-receiving area larger than a mode field diameter of an 
optical fiber, a microlens optical system is required to be 
constructed by a magnification image optical system. 

In order to satisfy these requirements, planar microlens 
arrays each having a different focal length of microlens are 
prepared separately so that an optimal conjugate ratio may be 
obtained for respective application in the conventional 



optical module , or the thickness of a substrate of planar 
microlens array is regulated to obtain an optimal conjugate 
ratio. As a result, the number of kinds of planar microlens 
arrays will be increased. Also, when the optical 

characteristic of an optical module is regulated in an 
experimental environment for example, it is often required to 
remake a planar microlens array. In such a case, an 
efficient development and early implementation of optical 
modules will be disturbed. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to 
provide an optical module wherein any conjugate ratio thereof 
in an optical axis direction may be easily realized • 

Another object of the present invention is to provide an 
optical module wherein the time duration for alignment may be 
shortened by using a passive alignment technique (i.e., a 
method of alignment based on an accuracy of a mechanical 
dimension) . 

A further object of the present is to provide an optical 
module wherein a large degree of freedom may be obtained for 
any optical design. 

A further object of the present invention is to provide 
a method for assembling the optical module described above. 

Therefore, a first aspect of the present invention is an 
optical module comprising ; a planar microlens array having a 
plurality of microlenses formed in at least one surface 
thereof ; a planar transparent substrate for adjusting a 
conjugate ratio of the optical module, one surface of the 
transparent substrate being adhered to one surface of the 



planar microlens array, and a plurality of micro fitting 
recesses being formed in the other surface of the transparent 
substrate with each of the recesses being aligned to each of 
the microlenses ; and a guide substrate for optical fibers, 
the guide substrate being adhered to the other surface of the 
transparent substrate, and the guide substrate having a 
plurality of micro guide holes opened therein with each of 
the guide holes being aligned to each of the recesses. 

A second aspect of the present invention is a method for 
assembling an optical module comprising the steps of : 
preparing a planar microlens array having a plurality of 
microlenses formed in at least one surface thereof ; adhering 
one surface of a planar transparent substrate for adjusting a 
conjugate ratio of the optical module to one surface of the 
planar microlens array, the transparent substrate having a 
plurality of micro fitting recesses formed in the other 
surface thereof, in such a manner that the center position of 
each of the recesses is aligned to the center position of 
each of the microlenses ; and adhering one surface of a guide 
substrate for optical fibers to the other surface of the 
transparent substrate, the guide substrate having a plurality 
of micro guide holes opened therein, in such a manner that 
the center position of each of the guide holes is aligned to 
the center position of each of the recesses. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is a cross-sectional view illustrating a 

conventional optical module. 

Fig. 2 is a cross-sectional view illustrating an optical 

module of a first embodiment according to the present 



invention. 

Fig. 3 is a cross-sectional view illustrating one example 
of a second embodiment according to the present invention. 

Fig. 4 is a cross-sectional view illustrating another 
example of a second embodiment according to the present 
invention. 

Fig. 5 is a cross-sectional view illustrating further 
example of a second embodiment according to the present 
invention. 

Fig. 6 is a cross-sectional view illustrating a third 
embodiment according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
OF THE INVENTION 
Referring now to Fig. 2, there is shown a first 
embodiment of an optical module according to the present 
invention. The optical module comprises a planar microlens 
array 1, a transparent substrate 2 for adjusting a conjugate 
ratio of the optical module, a guide substrate 3 for optical 
fibers, and a plurality of optical fibers 4. The planar 
microlens array 1 consists of a planar transparent substrate, 
in one surface thereof a plurality of circular microlenses 11 
are formed and arrayed. The transparent substrate 2 includes 
a plurality of micro fitting recesses 21 formed and arrayed 
in one surface thereof. The guide plate 3 includes a 
plurality of micro guide holes 31 opened therethrough. The 
end core portion of each optical fiber 4 is exposed convexly 
to form a micro fitting convex portion 41. The substrate of 
planar microlens array 11, the transparent substrate 2, and 
the guide substrate 3 are formed in such a manner that 
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respective outer edge sizes thereof are the same. 

In one example, a planar microlens array consisting of 
the transparent substrate having an index of refraction n L 
=1.54 is used, a plurality of circular microlenses 11 being 
formed in the surface of the transparent substrate by an ion 
exchange method. The focal length of a micro lens 11 is 650 
/-dm. 

The transparent substrate 2 for adjusting a conjugate 
ratio of the optical module may be fabricated in a following 
manner. At first, an a lumino silicate glass plate is prepared, 
g which has an index of refraction n L =1.54 and the surface 
Cj being ion exchanged by Ag. Next, a laser beam outputted from 
14 Nd:YAG laser is focused onto the surface of the 
Lff aluminosilicate glass plate using a planar microlens array 
.M15 for processing. Focused beam spots form the fitting recesses 
C| 21 of substantially conical shape by heating. The inlet 
diameter and depth of a recess are about 8jUm and about 4^m, 
respectively, which are matched to the fitting convex portion 
41 of the optical fiber's end. 

According to the fabricating method described above, the 
positional relation between fitting recesses 21 may be 
accurately determined, and then the center position of a 
fitting recess 21 may be accurately aligned to the center 
position of a microlens 11. 
25 Tne guide substrate 3 for optical fibers may be 

fabricated in a following manner. At first, an 

aluminosilicate glass plate is prepared, which has a 
thickness of 300/Zm and the surface being ion exchanged by Ag. 
Next, a photomask pattern having a desired patterning is 
formed on one surface of the glass plate by means of a 
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reducing image optical system comprising K r F excimer laser as 
a light source. Using this photomask pattern, tapered micro 
guide holes 31 are opened each thereof having an inlet of 
larger diameter and an outlet the diameter thereof is smaller 
5 than that of the inlet. The outlet diameter of a micro guide 
hole is selected to be 75 /im, and the taper angle is selected 
to be 6 ° , for example, considering the processing 
capability of the excimer laser and the workability of an 
optical fiber. 

10 The micro guide holes 31 of the guide substrate 3 are 

formed in such a manner that the positional relation between 
Ll guide holes is accurate and the center position of a guide 
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y| hole of the substrate 3 is precisely aligned to the center 
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position of a fitting recess 21 of the transparent substrate 
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The fitting convex portion 41 of an optical fiber's end 
is fabricated by dipping the end of an optical fiber in an 
etchant which has faster etching rate to a clad glass of 
optical fiber than that to a core glass thereof, e.g. in the 
20 mixture of hydrofluoric acid and ammonium fluoride. While 
the outer shape of fitting convex portion 41 may be 
controlled by an etching condition, an substantially conical 
shape is selected herein in which the diameter of base 
portion is 8.5 jam (with respect to the diameter 75 jum of the 
25 clad at the end of optical fiber) and the height is 3jum, for 
example. 

In the present embodiment described above, the thickness 
of the transparent substrate 2 for adjusting a conjugate 
ratio is f L Xn h , wherein f L is a focal length of microlens 11 
30 and n h is an index of refraction of the substrate 2. 
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Next, a method for assembling the optical module in the 
first embodiment will now be described. As the microlenses 
11, the micro fitting recesses 21, and the micro guide holes 
31 are formed in a manner described above, the positional 
relation among these elements may be established with a high 
accuracy, as required. Therefore, the optical module of the 
present invention may be assembled by using a passive 
alignment technique based on a positional regulation without 
using an active alignment technique based on an optical 
regulation in which light is inputted to the optical system. 

Also, as the respective outer edge sizes of the 
substrate of planar microlens array 1 and the transparent 
substrate 2 including micro fitting recesses 21 are the same, 
respective microlenses 11 may be substantially aligned to 
respective fitting recesses only by laying the transparent 
substrate 2 on top of the substrate of planar microlens array 
1 in such a manner that respective outer edges of these two 
substrates are matched. The superposition of these two 
substrates is finally regulated by monitoring the regulation 
using a microscope in such a manner that the center position 
of the fitting recess 21 is aligned to the center position of 
the circular microlens 11. It is enough for this regulation 
to be carried out with respect to several pairs of microlens 
and recess, because the positional relations between the 
microlenses and that between the fitting recesses are 
established accurately, respectively, as stated above. Then, 
adhesive (an index of refraction thereof is matched to that 
of these two substrates) is applied to the opposite surfaces 
of these two substrate 1 and 2 to be contacted, and these two 
substrates are adhered to each other. 



Next, the guide substrate 3 which has the same outer 
size as that of said two substrates 1 and 2 is laid on the 
recess- formed surface of the substrate 2 in such a manner 
that respective outer edges of these substrates 1, 2 and 3 
are matched. As a result the center position of the recess 
21 is substantially aligned to the center position of the 
guide hole 31. In addition, the final regulation is carried 
out by monitoring the regulation using a microscope in such a 
manner that the center position of the guide hole 31 is 
aligned to the center position of the recess 21. Then, the 
substrate 3 is adhered to the substrate 2 by adhesive, an 
index of refraction thereof being matched to that of these 
two substrates . 

As described above, the convex portion 41 to be fitted 
to the recess 21 is formed on the end core portion of the 
optical fiber 4. Therefore, the end core portion of the 
optical fiber 4 may be guided and aligned to the optical axis 
of the microlens 11 only by inserting the optical fiber into 
the guide hole 31 from the inlet thereof to fit the convex 
portion 41 of the optical fiber to the recess 21 of the 
substrate 2 . The aligned optical fiber 4 is adhered and 
fixed to the recess 21 and the guide substrate 3 by adhesive 
5, an index of refraction thereof being matched to the that 
of the substrates 2 and 3. In this case, the space between 
the recess 21 and the convex portion 41 and the space between 
the optical 4 and the sidewall of the guide hole 31 are 
filled with the adhesive 5. 

According to the optical module assembled described 
above, it may be confirmed that collimated light beams 100 
are outputted from the planar microlens array 1 when 
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monitoring the light outputted from the planar microlens 
array 1 by means of an infrared CCD camera* 

Referring now to Fig. 3, there is shown a second 
embodiment of an optical module according to the present 
invention* In the present embodiment, a plurality of 
transparent substrates for adjusting a conjugate ratio of the 
optional module are prepared in advance f the transparent 
substrate having a different thickness , respectively. A 
desired optical module may be implemented by selecting one of 
the plurality of transparent substrates for a suitable usage. 

In one example shown in Fig. 3, when the thickness of a 
transparent substrate 2 is selected to be "t h " , the 
transparent substrate 2 which satisfies the following 
relation, i.e. 2 X f L X n h >t h >f L X n h is employed, wherein f L is a 
focal length and n h is an index of refraction of the 
substrate 2. In this case, the light beam 100 outputted from 
the microlens array 1 is focused at the position where a 
magnified image is obtained, as shown in Fig. 3. That is, the 
end core portion of the optical fiber 4 is imaged in an 
increasing magnification at an image plane. 

It is preferable to select the transparent substrate 
having the thickness described in Fig. 3, if an effective 
light-receiving area of the optical element to be coupled to 
the optical module is larger than the end core portion of 
optical fiber 4 * 

In another example shown in Fig. 4, when the transparent 

substrate 2 which has a thickness t h =2 X f L X n h is selected, 
the light beams outputted the microlens array 1 are focused 
at the position of unity magnification, as shown in Fig. 4. 
The core portion of the optical fiber is imaged in unity 



magnification. That is, the end core portion of the optical 
fiber 4 is imaged in the same size at an image plane. 

It is preferable to select the transparent substrate 
having the thickness described in Fig. 4, if an optical 
element to be combined with the optical module is an optical 
fiber and a unity magnification is required so that a 
coupling efficiency is an optimal value. 

In further example shown in Fig. 5, the transparent 
substrate 2 which satisfies the following relation, i.e. t h >2 
Xf L Xn h is selected. In this case, the light beams outputted 
from the microlenses array 1 are focused on the surface 
opposite to the lens-formed surface of the substrate of the 
optical microlens array l f as shown in Fig. 5. That is, the 
end core portion of the optical fiber 4 is imaged in a 
reducing magnification. 

It is preferable to select the transparent substrate 
having the thickness described in Fig. 5, if an optical 
element to be combined with the optical module is a 
photodetector in which an effective light-receiving area is 
smaller than the end core portion of optical fiber 4. 

In a particular example, when an index of refraction of 
the substrate of an optical microlens array 1 is n L , a 
thickness of that substrate is t L , and a thickness of the 
transparent substrate 2 for adjusting a conjugate ratio is t h , 
the transparent substrate 2 which satisfies the following 
relation, i.e. (l/(n L • t L )+l/(n h • t h )) = (l/f L ) is used. In 
this case, the end core portion of optical fiber 4 and the 
lens-formed surface of the planar microlens array are in 
conjugate relation, so that the light beams may be focused on 
the lens-formed surface. 
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While the planar microlens array 1 is adhered to the 
substrate 2 for adjusting a conjugate ratio with the lens- 
formed surface of the array 1 being opposed to the substrate 
2, the surface opposite to the lens-formed surface may be 
adhered to the substrate 2. The optical module in this case 
is shown in Fig. 6 as a third embodiment. The thickness of 
the transparent substrate 2 is required to be decided 
considering the thickness of the planar microlens array 1. 

It will be understood by those who skilled in the art 
that the present invention may be applicable to a planar 
microlens array on both sides thereof microlenses are formed. 
Furthermore, the present invention is not limited to an 
optical module having one planar microlens array, but may be 
j| applied to an optical module having a plurality of planar 

»*L5 microlens arrays. 

s 

q According to the present invention, respective optical 

Q axes of a plurality of microlenses and respective optical 
Q fibers may be passively aligned, and respective conjugate 
ratio of a plurality of microlenses may be adjusted at the 
same time. Therefore, the design for various micro optics 
may be implemented quickly and at a lower price by using the 
same planar microlens array. Also, respective components may 
easily be aligned with a high accuracy by a passive alignment 
technique, so that the development of an optical module may 
progress effectively. As a result, a low cost optical module 
having a large degree of freedom for any optical design may 
be implemented. 
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